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Surface properties of fine particles can be tuned through deposition of films or coatings. This approach is an 
area of science and technology of interest in numerous fields such as catalysis, energy production, 
microelectronics, optoelectronics, etc. Surface coating of powders can be applied by a dry technique (i.e., the 
use of a reactive gas phase), so-called chemical vapor deposition (CVD). However, conventional CVD 
processes cannot provide an efficient conformal deposition while fine particles are considered as substrates. 
This is due to the fact that mixing of particles, in such a way that their entire surface is exposed to the reactive 
gas phase, is rather complicated and not often addressed. Therefore, fluidization, as a recognized particle 
treatment process which meets the requirement of gas–solid contact, can be associated with the gas–solid 
reactions that are often used in the context of various CVD processes. The combination of such mature 
techniques, namely fluidized bed chemical vapor deposition (FBCVD) leads to innovative, flexible and cost-
effective particle treatment processes [1].  
 
In the present investigation, soda lime spherical particles with a particle size of ca. 27 µm were used as the 
substrate. Single- and multi-layer depositions composed of TiO2 and SiO2 films were applied to the surface of 
the particles by the FBCVD at atmospheric pressure, while employing, respectively, titanium and silicon 
tetrachloride as precursors, and using water as an oxidation agent. TiO2 and SiO2 films were deposited at 
300oC and ambient temperatures, respectively.  
 
It was found that the minimum fluidization state of soda lime takes place at the nitrogen superficial velocity of ca. 
0.2 cm/s (Umf,obs). Therefore, the resulting fluidization index (FI) [2] of about 0.6 assigns the soda lime fine 
particles as the group C/A powder according to the Geldart’s powder classification [3]. X-ray photoelectron 
spectroscopy (XPS) measurements (see Figure 1) clearly displays the elemental composition of each deposited 
layer on the soda lime particles. No silica photoelectron line was detected in the first layer (TiO2 film), indicating 
an appropriate coverage of the soda lime substrate. Similar trends were also observed for the second and third 
deposited layers (i.e., SiO2 and TiO2, respectively) in which titania and silica from the layer underneath the top 
layer were not present. Furthermore, the TEM cross-section analysis demonstrated a conformal pinhole-free 
layers with typical thicknesses between 20 nm and 120 nm. In addition, X-ray diffraction results confirmed the 
anatase crystalline phase for TiO2 films (deposited at 300oC), whereas the amorphous structure of SiO2 
(formed at ambient temperature) was obtained. 
 
In conclusion, single-layer and multi-layer film systems of SiO2 and TiO2 were deposited on the soda lime fine 
particles by the atmospheric FBCVD technique. The FBCVD approach investigated here appears cost-effective 
and more simple to use in comparison with other methods such as atomic layer deposition in a fluidized bed 





Figure 1. X-ray photoelectron spectroscopy of a) TiO2-coated b) SiO2/TiO2-coated c) TiO2/SiO2/TiO2-coated 
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